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MONITOR WORN BY USER FOR PROVIDING
HYGIENE HABI'TS INDICATION

RELATED APPLICATIONS

This application 1s a National Phase of PC'T Patent Appli-
cation No. PCT/IL2009/000854 having International filing

date of Sept. 3, 2009, which claims the benefit of priority of
U.S. Provisional Patent Application No. 61/136,413 filed on
Sept. 3, 2008. The contents of the above applications are all
incorporated herein by reference.

FIELD AND BACKGROUND OF THE
INVENTION

The present invention, in some embodiments thereof,
relates to a system and a method for monitoring hygiene
compliance and, more particularly, but not exclusively, to a
system and a method for monitoring personal hygiene com-
pliance of users.

In various situations and environments, it 1s considered
desirable to remind and/or to encourage people to perform
personal hygiene tasks, such as washing their hands. Typical
environments would include hospitals, care homes and hos-
pices, where carers, such as nurses, doctors and therapists
should wash their hands regularly, 1n particular when moving
between treating different patients. Other environments
where regular hand washing 1s required could include cater-
ing environments where food items are processed or at food
processing facilities. It 1s necessary for people 1n such envi-
ronments to take responsibility for their personal hygiene.

During the last years various devices have been developed
in an attempt to improve the personal hygiene level of care
takers and workers. This devices are designed to detects
whether the user washes her hands or not and to output a
sanitary signaling accordingly.

For example U.S. Pat. No. 5,952,924, filed on Dec. 4, 1997
describes a system for encouraging workers who work 1n a
hygienically controlled area to wash their hands before exit-
ing an associated sanitation area. Broadly, the present imnven-
tion comprises a housing located 1n the sanitation area for
receiving at least a portion of the hands of the worker. A
detector 1s operatively associated with the housing. The
detector detects whether or not the hands of the worker have
recently been washed in response to the isertion of the hands
of the worker into the housing. A communication media 1s
also operatively associated with the detector for outputting
one of a sanitary signaling media in response to the detection
that the hands of the worker have been washed and an unsani-
tary signaling media in response to the detection that the
hands of the worker have not been washed.

Another example 1s described in UK Patent Application
No. GB 2417811A, filed on Aug. 12, 2005, that discloses
hand washing detector device, suitable to be fitted to a person
possibly on the hand or wrist, comprises a sensor for sensing,
a hand washing event and a timing module responsive to the
sensor. The device may also include an alarm system wherein
the timing module activates the alarm system when a first
predetermined time limit 1s exceeded between hand washing
events. The alarm may be audible, vibratory and/or visual and
the sensor may detect the presence of water or any other
chemical present during hand washing. The device may help
in infection control by monitoring hand washing and remind-
ing people to wash their hands regularly.

In addition, systems and methods for monitoring hygiene
standards compliance 1n a certain environment have also been
developed. For example, International Application No. PC'T/

10

15

20

25

30

35

40

45

50

55

60

65

2

EP2006/062895, filed on Jun. 2, 2006 describes a system and
a method of monitoring hygiene standards compliance 1n a

medical facility 1n which there 1s provided a surveillance
network having a monitoring unit and a plurality of network
units. There may additionally be provided a plurality of fixed
network units. The monitoring unit, mobile network units and
fixed network units are connected by way of a wireless per-
sonal area network (WPAN), 1n this case a ZigBee network.
Identification signals are sent {from the mobiles network units
to the monitoring unit and the monitoring unit stores the
identification signals in memory and generates a hygiene
standards compliance profile for an ndividual associated
with a particular mobile network unit. The hygiene compli-
ance profile may provide information relating to the number
of times that a particular individual washed their hands to
information regarding the patients that that individual came
into contact with over the course of a shift. Reports on the
behavior of individuals or groups of individuals may be gen-
erated.

SUMMARY OF THE INVENTION

According to some embodiments of the present invention
there 1s provided a method for analyzing hygiene habits of a
user. The method comprises attaching a personal hygiene
monitor to the user, using the attached personal hygiene
monitor for detecting a plurality of personal hygiene events
related to the user, logging the plurality of personal hygiene
events to allow configuring a user hygiene profile of the use,
and estimating a hygiene level of one or more hygiene habits
of the user according to the user hygiene profile.

Optionally, the method further comprises generating an
alarm when the hygiene level being beyond a predefined
level.

Optionally, the method further comprises ranking the
hygienic level of the user 1n relation to a plurality of users
according to the hygiene level.

Optionally, the estimating 1s based on a schedule of the
user.

Optionally, the logging comprises associating a time stamp
with each the personal hygiene event, further comprising
identifving at least one personal hygiene pattern according to
respective the associated time stamps, the estimating being
performed according to the at least one personal hygiene
pattern.

Optionally, the using comprises using the attached per-
sonal hygiene monitor for gathering locational data regarding
the user, further comprising identifying at least one personal
hygiene pattern according to a combination of the locational
data and at least one of the plurality of personal hygiene
events, the estimating being performed according to the at
least one personal hygiene pattern.

Optionally, the personal hygiene event 1s a member of a
group consisting of: using a disposable tissue, washing hand
action, taking shower action, replacing medical safety acces-
sory action, replacing a pair of gloves action, and wearing a
face mask action.

Optionally, the detecting and logging comprises detecting,
and logging the quality of the personal hygiene event, the
estimating being performed according to respective qualities.

More optionally, the quality 1s estimated by measuring a
member of a group consisting of: measuring the duration of
the respective personal hygiene event, measuring the inten-
sity of the respective personal hygiene event, measuring a
concentration of at least one disinfecting agent involved in the
personal hygiene event, measuring a presence of water during
the personal hygiene event, measuring a humidity level dur-
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ing the personal hygiene event, measuring temperature dur-
ing the personal hygiene event.

According to some embodiments of the present invention

there 1s provided a wearable apparatus for analyzing hygiene
habits of a user. The wearable apparatus, comprises at least
one sensor configured for detecting a plurality of personal
hygiene events, a repository configured for storing the plu-
rality of personal hygiene events, an iterface configured for
torwarding the plurality of personal hygiene events to a
remote analysis unit. The remote analysis unit 1s configured
for estimating a hygiene level of at least one hygiene habit of
the user according to the plurality of personal hygiene events.

Optionally, the wearable apparatus further comprises a
wearing detector for detecting a wearing event of the wear-
able apparatus, wherein each the personal hygiene event 1s
evaluated according to the wearing event.

Optionally, the at least one sensor comprises a plurality of
sensors, each being configured for detecting a different of a
plurality of physical stimulations, the at least one sensor
being configured for detecting the plurality of personal
hygiene events by combining the plurality of physical stimu-
lations.

Optionally, the at least one sensor comprises a plurality of
sensors, each being configured for detecting a different of a
plurality of physical stimulations, the remote analysis unit
being configured for estimating the hygiene level by combin-
ing the plurality of physical stimulations.

Optionally, the remote analysis unit maintaining a user
hygiene profile documenting at least one hygiene habit
related to the user, the remote analysis unit being configured
for updating the user hygiene profile according to the plural-
ity of personal hygiene events and calculating the hygiene
level according to the user hygiene profile.

Optionally, the wearable apparatus i1s configured for
receiving the hygiene level from the remote analysis unit,
turther comprising a hygiene indicator configured for pre-
senting the hygiene level to the user.

Optionally, the at least one sensor comprises a hygrometer
for detecting at least one of the plurality of personal hygiene
events by measuring humidity 1n a proximity to the hands of
the user.

Optionally, the at least one sensor comprises an alcohol
sensor for detecting at least one of the plurality of personal
hygiene events by measuring a concentration ol alcohol
vapours 1n a proximity to the user.

Optionally, the at least one sensor comprises an ultrasonic
Doppler sensor for detecting at least one of the plurality of
personal hygiene events by detecting running water by means
of measuring Doppler Ellect in a proximity to the user.

Optionally, the at least one sensor comprises an optical
sensor for detecting at least one of the plurality of personal
hygiene events by measuring a transparency of cleaning
material 1n a proximity to the user.

Optionally, the at least one sensor comprises an acoustical
sensor for detecting the sound of personal hygiene events by
comparing between acoustical signals captured 1n a proxim-
ity to the user and a predefined audio pattern.

Optionally, the at least one sensor comprises a motion
detection sensor for detecting a personal hygiene event by
recording at least one gesture of the user and matching
between the at least one gesture and at least one movement
pattern of a personal hygiene event.

Optionally, the at least one sensor comprises an touch
detector sensor configured for detecting a proximity of to a
medical device and a processor configured for detecting a
personal hygiene event according to the detected proximity.
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Optionally, the at least one sensor 1s configured for detect-
ing a hygiene protection event, the repository being config-
ured for storing the hygiene protection event, and the inter-
face being configured for forwarding the hygiene protection
event to the remote analysis unit, the remote analysis unit
being configured for estimating the hygiene level according
to the hygiene protection event.

Optionally, the wearable apparatus further comprises a
location detecting module configured for detecting a location
of the user and logging 1t 1n the repository, the remote analysis
unit being configured for estimating the hygiene level accord-
ing to the location.

More optionally, the location 1s outside the boundaries of a
building.

More optionally, the location 1s a member of a group con-
s1sting of: a include an operating room, a patient bed, a medi-
cal device, a physiotherapy room, a dining room, a kitchen, a
production floor shop, food manufacturing area and a food
manufacturing device.

According to some embodiments of the present invention
there 1s provided a system for analyzing hygiene habits of a
plurality of users. The system comprises a plurality of per-
sonal hygiene monitors each configured for being attached to
a respective of the plurality of users to allow detecting and
logging a plurality of personal hygiene events related thereto,
and a hygiene analysis unit configured for managing a plu-
rality of user hygiene profiles each documenting at least one
hygiene habit of a respective of the plurality of users, the
hygiene analysis unit being configured for receiving the plu-
rality of personal hygiene events from a respective of the
plurality of personal hygiene monitors and updating a respec-
tive of the plurality of user hygiene profile accordingly. The
hygiene analysis unit 1s configured for calculating a hygiene
level for each the user according to a respective of the plural-
ity ol user hygiene profiles.

Optionally, the system of further comprises a plurality of
location detecting unit each configured for detecting the pres-
ence of at least one of the plurality of personal hygiene moni-
tors 1n proximity thereto, wherein the hygiene analysis unit 1s
configured for calculating the hygiene level according to
detected presence.

Unless otherwise defined, all technical and/or scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the
invention pertains. Although methods and materials similar
or equivalent to those described herein can be used in the
practice or testing of embodiments of the mvention, exem-
plary methods and/or materials are described below. In case
of contlict, the patent specification, including definitions, will
control. In addition, the materials, methods, and examples are
illustrative only and are not intended to be necessarily limait-
ng.

Implementation of the method and/or system of embodi-
ments of the invention can involve performing or completing
selected tasks manually, automatically, or a combination
thereof. Moreover, according to actual instrumentation and
equipment of embodiments of the method and/or system of
the invention, several selected tasks could be implemented by
hardware, by software or by firmware or by a combination
thereol using an operating system.

For example, hardware for performing selected tasks
according to embodiments of the mvention could be 1mple-
mented as a chup or a circuit. As soltware, selected tasks
according to embodiments of the mvention could be 1mple-
mented as a plurality of software 1nstructions being executed
by a computer using any suitable operating system. In an
exemplary embodiment of the invention, one or more tasks
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according to exemplary embodiments of method and/or sys-
tem as described herein are performed by a data processor,
such as a computing platform for executing a plurality of
instructions. Optionally, the data processor includes a volatile
memory for storing instructions and/or data and/or a non-
volatile storage, for example, a magnetic hard-disk and/or
removable media, for storing instructions and/or data.
Optionally, a network connection 1s provided as well. A dis-

play and/or a user input device such as a keyboard or mouse
are optionally provided as well.

BRIEF DESCRIPTION OF THE DRAWINGS

Some embodiments of the invention are herein described,
by way of example only, with reference to the accompanying
drawings. With specific reference now to the drawings 1n
detail, 1t 1s stressed that the particulars shown are by way of
example and for purposes of illustrative discussion of
embodiments of the invention. In this regard, the description
taken with the drawings makes apparent to those skilled 1n the
art how embodiments of the invention may be practiced.

In the drawings:

FIG. 1 1s a schematic 1llustration of a system for analyzing,
hygiene habits of a plurality of users, according to some
embodiments of the present invention;

FI1G. 2 1s a schematic 1llustration of exemplary components
of an exemplary personal hygiene monitor, according to some
embodiments of the present invention;

FIG. 3 1s a schematic illustration of an armlet that 1s
designed to host the components of the personal hygiene
monitor, according to some embodiments of the present
invention;

FI1G. 4 1s a flowchart of a method for analyzing a hygiene
level of a user, according to some embodiments of the present
invention; and

FIG. 5 1s an exemplary dataset of logged personal hygiene
events, according to some embodiments of the present mnven-
tion.

DESCRIPTION OF SPECIFIC EMBODIMENTS
OF THE INVENTION

The present invention, in some embodiments thereotf,
relates to a system and a method for monitoring hygiene
compliance and, more particularly, but not exclusively, to a
system and a method for monitoring personal hygiene com-
pliance of users.

According to some embodiments of the present invention
there are provided methods, systems, and apparatuses for
monitoring hygiene habits and/or protocols of one or more
users. Optionally, the monitoring is performed along a period
of between few hours and several days, weeks, months, and/
or years. Such embodiments allow ranking a plurality of users
according to their compliance with hygiene protocols and/or
habits 1n a certain area of interest, such as an institute, a
facility, and/or a company, such as a hospital, a factory, a
restaurant, a catering service and/or any other istitute, facil-
ity, and/or company that enforce hygiene habaits, as further
described below.

According to some embodiments of the present invention
there 1s provided a method for analyzing one or more hygiene
habits of a user. The method 1s based on a personal hygiene
monitor that 1s attached to the user, for example as a wrist-
watch, a bracelet, and/or a necklace. The personal hygiene
monitor 1s used for detecting personal hygiene events, such as
hand washing, showering, and replacing gloves, which are
related to the user. The personal hygiene events are logged to
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6

allow the configuring a user hygiene profile of the user.
Optionally, the personal hygiene events are logged on the
personal hygiene monitor and transferred to a central analysis
unit that hosts the user hygiene profile. As further described
below, the central analysis unit may be accessed via a com-
munication network, such as the internet. Now, after the per-
sonal hygiene events have been detected and logged, a
hygiene level of one or more hygiene habits of the user 1s
estimated according to the user hygiene profile. Optionally,
the hygiene level 1s based on the frequency of personal
hygiene events, the pattern of performing personal hygiene
events, an/or on external data which has been gathered during,
betore, and/or after the performance of the personal hygiene
events, such as timing and/or locational data.

According to some embodiments of the present invention
there 1s provided a personal hygiene monitor with one or more
personal hygiene sensors, such as a hygrometer, an alcohol
sensor, an optical sensor, an acoustical sensor, motion detec-
tion sensor and a touch detector.

According to some embodiments of the present invention
there 1s provided a system for monitoring and ranking a
plurality of users according to their compliance with hygiene
habits and/or protocols. Optionally, the system ranks the
hygiene habits of each one of the users with respect to the
hygiene habits of one or more of the other users. Optionally,
the ranking of a certain user 1s expressed by the personal
hygiene monitor of the user.

Belore explaining at least one embodiment of the invention
in detail, 1t 1s to be understood that the invention 1s not nec-
essarily limited 1n 1ts application to the details of construction
and the arrangement of the components and/or methods set
forth 1n the following description and/or illustrated in the
drawings and/or the Examples. The invention 1s capable of
other embodiments or of being practiced or carried out 1n
various ways.

System

Reference 1s now made to FIG. 1, which 1s a schematic
illustration of a system 100 for analyzing hygiene habits of a
plurality of users 101, according to some embodiments of the
present invention. By analyzing personal hygiene levels of
users, institutes such as hospitals, factories, and/or restau-
rants may enforce hygiene habits and/or improve their sani-
tary conditions, as further described below. For brevity,
hygiene habits and/or protocols are referred to herein as
hygiene habits.

The system 100 1s based a hygiene analysis unit 102, which
1s optionally implemented on one or more servers, and a
plurality of personal hygiene monitors 103.

The hygiene analysis umit 102 and the plurality of personal
hygiene monitors 103 communicate, optionally via one or
more communication terminals 105 which are connected to a
communication network 104, such as a wired network, for
example a local area network (LAN) and wide area network
(WAN), or a wireless network, for example as a wireless LAN
(WLAN) and/or wireless personal area network (WPAN).
The hygiene analysis unit 102 optionally communicates with
one or more client terminals 111. As used herein a client
terminal means a personal computer, a thin client, a personal
digital assistant (PDA), and a Smartphone. Optionally, the
personal hygiene monitor 103 or any component thereof 1s
integrated 1nto a client terminal.

The communication terminals 105 interfaces with the plu-
rality of personal hygiene monitors 103 1n a wirelessly or via
a wired connection, for example as further described below.
Optionally, the system 100 comprises one or more hygiene
markers, for example as described below.
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In some embodiments of the present invention, the hygiene
analysis unit 102 manages a plurality of user profiles 107.
Each user profile 107 logs personal hygiene events which are
related to a certain user, such as a caregiver, for example a
nurse, a physician, a paramedic, a therapist, and a member of
the emergency medical service, a food processing facility
employee, a catering employee, for example a cook, a food
delivery employee, and a waiter. As used herein, a personal
hygiene event means any event that has an effect on the
hygienic level of a user. Such personal hygiene event may be
hygienic habits like using disposable tissues, washing hands,
disinfecting hands using a disinfect agent, such as alcohol,
taking showers, replacing medical safety accessories, such as
latex gloves, wearing a face mask, such as a surgical mask,
being in a hygiene event related location, such as a shower, a
proximity to sink, and/or a disinfecting agent dispenser, and
the like.

Optionally, each user profile 107 1s associated with a user
identifier (ID), a list that documents the personal hygiene
events, which are related to the user, and a current hygiene
score that reflects an estimated evaluation of the hygiene
habits of the user, optionally calculated as described below.
The user profiles 107 are designed to store logged personal
hygiene events which are related to the user.

Monitor

Reference 1s now made to FIG. 2, which 1s a schematic
illustration of exemplary components 300 of an exemplary
personal hygiene monitor 103, according to some embodi-
ments of the present invention. Reference 1s also made to FIG.
3, which 1s a schematic illustration of an armlet or a wrist-
watch 350 that 1s designed to host the components of the
personal hygiene monitor 103, according to some embodi-
ments of the present invention. It should be noted that the
personal hygiene monitor 103 may be integrated 1n any wear-
able device, such as a ring, a badge, a necklace a band or any
wearable device that 1s designed to be attached to the user
while she performs duties which require relatively high level
of hygiene. For example, 11 the user 1s a medical carer, such as
a physician, the personal hygiene monitor 103 1s designed to
be attached to her while she performs duties, such as treating,
patients, either 1n a hygiene monitored environment, such as
hospital, or outside the hygiene monitored environment, for
example while the physician i1s performs a duty as part of an
emergency medical service that provides medical services
outside the hygiene monitored environment.

In some embodiments of the present invention, the per-
sonal hygiene monitor 103 includes a wearing detector for
detecting whether the user actually wears the personal
hygiene monitor 103 1n a certain point 1n time or not. The
wearing detector 1s optionally a button that 1s pressed during,
the wearing of the personal hygiene momtor 103, for example
during the locking of a respective armlet around the hand of
the user. In such a manner, the personal hygiene monitor may
either be activated and/or change an operation mode when-
ever the user wears the personal hygiene monitor. Such a
wearing detection 1s important 1n order to accurately docu-
menting and attributing the receptions and/or the absence of
receptions from the one or more hygiene event sensors which
are outlined above and described below. For example,
absence of receptions from the one or more hygiene event
sensors may be documented as either a period during which
the user did not performed and/or participate in a personal
hygiene event 11 the wearing detector detected the wearing of
the personal hygiene monitor 103 or as a null period if the
wearing detector did not detect the wearing of the personal
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hygiene monitor 103. For clarity, a null period 1s a period
during which the hygienic habits of the user are not docu-
mented.

In some embodiments of the present mvention, the per-

sonal hygiene monitor 103 includes a processor 302, such as
a microcontroller, which i1s connected to a memory unit 304,
such as a flash memory and one or more hygiene event sensors
303.
The one or more hygiene event sensors 303 are designed to
detect, separately and/or 1n combination, a personal hygiene
event. For example, a personal hygiene event may be detected
if only one of the hygiene event sensors 303 detects a personal
hygiene event above a predefined value, for example as fur-
ther described below, or if a sum, a mean, and/or an average
value of the readings made by the hygiene event sensors 303
1s above a predefined threshold. Each one of the hygiene event
sensors 303 1s designed for detecting a personal hygiene event
according to a physical stimulus and/or a set of physical
stimulations, such as thermal energy, electromagnetic energy,
acoustic energy, pressure, magnetism, and/or motion and pro-
ducing a signal, usually electrical for indicating this detection
and/or optionally the quality of this detection, for example as
described below.

Optionally, one of the hygiene event sensors 303 15 a
chemical detector, such as an Ion mobility spectrometer
(IMS), for detecting and 1dentifying concentrations of chemi-
cals which are related to detergents 1n a proximity to the hands
of the user. Such a chemical detector may be used for sensing
the presence of water and/or any chemical that 1s present
during a hand washing action. The chemicals may be detected
in the water and/or during personal hygiene events, such as
spraying the hands with a spray, such as a gel spray, using
disinfecting agent, such as alcohol, using a disposable wipe
for washing the hands, and the like. Optionally, one of the
hygiene event sensors 303 1s a hygrometer for measuring
humidity. The hygrometer may be defined to measure the
humidity 1in a proximity to the hands of the user, thereby to
determine whether the user 1s washing her hands or not.
Additionally or alternatively the hygrometer may include a
capacitive sensor for detecting moisture. Additionally or
alternatively, the hygrometer may be used for detecting the
wearing and/or the replacing of gloves. The hygrometer
senses a change in the humidity that surrounds 1t while gloves
are worn and/or worn down by the user and logs a personal
hygiene event accordingly.

Optionally, one of the hygiene event sensors 303 is a con-
ductivity sensor for measuring conductivity of a fluid 1n a
proximity to the hands of the user and/or the personal hygiene
monitor 103. Optionally, the conductivity sensor detects
properties of water, gel, and/or disinfecting material by use of
resistive, capacitive, and/or inductive methods. Such sensors
may be used for determining whether the user 1s washing her
hands or not and/or the quality of a personal hygiene event by
estimating the composition of the water, gel, and/or disinfect-
ing material which 1s used during the personal hygiene event.

Optionally, one of the hygiene event sensors 303 1s an
alcohol sensor configured for detecting the presence and/or
concentration of alcohol vapours. Optionally, the alcohol sen-
sor 1s mounted to enable the detection of personal hygiene
events such as hand washing with alcohol, alcohol based gels
and the like. For example, see the datasheet of Futurlec™
alcohol sensors, which 1s incorporated herein by reference.

Optionally, one of the hygiene event sensors 303 1s an
acoustical sensor that 1s configured for detecting the sound of
personal hygiene events. Optionally, the acoustical sensor 1s
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associated with one or more predefined audio patterns of
personal hygiene events, such as running water, a hand wash-
ing action, and a spraying.

Optionally, one of the hygiene event sensors 303 1s an
ultrasonic Doppler sensor for detecting runming water by
measuring Doppler Effect.

Optionally, one of the hygiene event sensors 303 i1s a
motion detection sensor, such as an accelerometer and a gyro-
scope, which monitors the motion of the personal hygiene
monitor 103 to detect personal hygiene motion patterns. Such
a monitoring allows tracking gestures of the user and com-
paring them with one or more movement patterns each
defines gestures taken during a respective personal hygiene
event, such as washing hands or replacing a robe and/or a pair
of gloves.

In such an embodiment, the motion detection sensor may
be associated with one or more movement patterns each indi-
cate a personal hygiene event. For example, the shacking of
the hands 1n a hand washing pattern may be recorded as a
personal hygiene event. Optionally, the patterns are recorded
in advance 1n a configuration stage which 1s performed by the
user.

Optionally, one of the hygiene event sensors 303 1s a touch
detector sensor. Such a sensor may be used for detecting a
touching event during which the user touches a patient, a
medical tool and/or any other person or a device. The touch
detector sensor may include a magnetic sensor that detects
fluctuations 1n a small magnetic, optionally electromagnetic,
field in proximity thereotf. Such a change may indicate that the
user touches an element and/or a user that causes the fluctua-
tions. When a user touches, with her bare hands, an element,
a person, and/or an animal, the sterility of the user’s hands
decreases. The touch detector may detect the fluctuations 1in a
magnetic field that optionally surrounds the hygiene event
sensors 303 and registering the touching event in the memory
of the personal hygiene monitor 103. Optionally, the touch
detector 1dentifies the time during which the user touched an
clement according to the touch pattern of the detected fluc-
tuations. Optionally, touch detector tracks the amplitudes of
the electronic field which vary when the user’s body 1s moved
toward the element, when the user’s body 1s moved away
from the element and/or when the user remain constant while
touching the element. In such manner, the touch detector may
change the quality of the detection event according to the time
the user touched the element and/or according to a match with
different touching patterns each indicative of a different
touched element, such as a body of patient. a tap, a towel, a
keyboard, and the like.

Such an event 1s optionally logged 1n the memory unit 304
of the personal hygiene monitor 103 and calculated, during
the analysis of the hygienic level of the user, as an event that
reduces the hygiene level of one or more hygiene habits of
user, for example 11 1t 1s not followed by a respective personal
hygiene event, such as a hand washing action.

Optionally, one of the hygiene event sensors 303 1s a prox-
imity sensor that 1s used for detecting the proximity of
hygiene related devices. For example, the proximity sensor
may include a magnetic sensor that estimates the distance
between the device and a tap or a disinfectant dispenser, such
as a soap dispenser. Optionally, the proximity sensor senses
the alternating magnetic field of the running water and deter-
mines the quality of the personal hygiene event accordingly.
Optionally, the hygiene related devices are installed with a
personal hygiene event indicator that 1s designed to transmit
a personal hygiene event indication in response to the activa-
tion thereof. For example such an indicator may be connected
to a detergent dispenser, such as a soap or detergent dispenser.
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In such a manner the indicator transmit an indication which 1s
intercepted by the personal hygiene monitor 103 that logs a
respective personal hygiene event accordingly. Optionally,
the personal hygiene monitor 103 includes communication
module 310 that allows the intercepting of these indications.

Optionally, the proximity sensor 1s designed to sense the
intensity of a transmitter, such as a wireless application pro-
tocol (WAP) gateway or switch. In such an embodiment, the
detected intensity, which 1s optionally logged, may be used
for determining the geographical location of the personal
hygiene monitor 103.

Optionally, the touch detector sensor 1s designed to sense a
hygiene protection event, such as a wearing gloves event. In
such an embodiment the touch detector sensor may 1include a
pressure sensor that senses the pressure that 1s applied by the
gloves. The touch detector sensor may include optical sensor
for detecting the presence of an article for longer then a
predefined period.

Optionally, one of the hygiene event sensors 303 15 a
humidity sensor which 1s configured to detect the presence of
the user 1n a humid location, such as a shower.

Optionally, one of the hygiene event sensors 303 1s an
optical sensor, such as a lucidity sensor for measuring the
transparency of water, gel, and/or any other liquid that 1s used
for cleaming the hands of the user. Optionally, the optical
sensor 1s an active sensor that 1s used for emitting light having,
predefined properties and detecting different characteristics
of the liguid and/or gel by measuring the polarization and/or
the reflection of the emitted light.

Optionally, the hygiene event sensors 303 are designed for
providing a relative value that represents the quality of the
personal hygiene event. For example, the quality of the events
which are detected by a chemical sensor may be based on the
detected concentration of chemicals. The quality ofthe events
which are detected by a hygrometer may be based on the level
of the measured moisture, the time during which water flows
in the proximity of the hygiene event sensors 303, the time
and/or intensity of the hand washing, the concentration of
detected disinfecting agents, and the like. Optionally, the
hygiene event sensors 303 include a thermometer for measur-
ing temperature during a personal hygiene event. Optionally,
the thermometer 1s used for determining the temperature of
water used in a personal hygiene event, such as hand washing,
and ranking the quality of the personal hygiene event accord-
ingly.

As described above, the personal hygiene monitor 103 may
use a plurality of hygiene event sensors 303. Optionally the
quality of the events which are detected by the hygiene event
sensors 303 may be based on a cumulative value that 1s
calculated by combining data from some or all the hygiene
event sensors 303. For example, a sum, a mean, and/or an
average ol the qualities which has been given to a certain
hygiene event by a plurality of hygiene event sensors 303 may
be used for determining the quality of an event.

In use, the one or more hygiene event sensors 303 detect
personal hygiene events, for example as described above. The
processor 302 logs the identified hygiene events 1n the
memory unit 300. Optionally, each hygiene event 1s tagge
with a time stamp that reflects the time, or the approximate
time, 1n which the relevant hygiene event has been 1dentified.
The time stamp may be based on the clock of the processor
and/or on an external clock, such as a real time clock (RTC)
308. As used herein, real time means within less than 10
seconds, for example less than 1 second, 0.5 second, 0.1
second and the like.

Optionally, the personal hygiene monitor 103 1ncludes a
location detecting module 311 for identifying the location of
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the user during a personal hygiene event. Optionally, the
location detecting module 311 comprises a global positioning
system (GPS) module to allow 1dentiiying the exact location
of the user 1n open spaces, such as a field hospital and a
vicinity to an ambulance. Optionally, the location detecting
module 311 comprises a tag reader, such as a radio frequency
identification (RFID) reader for 1dentifying the presence of
tags, such as RFID tags. In such an embodiment, the location
detecting module 311 may be used for detecting the presence
of RFID tags in the proximity thereof. Optionally, areas of
interest 1n a medical center, such as a hospital, are tagged 1n a
manner that allows the personal hygiene monitor 103 to 1den-
t1fy the location of the associated user. Such areas of interest
may include an operating room, a patient bed, a medical
device, a physiotherapy room, a dining room, a kitchen, a
production floor shop, and a food manufacturing device and/
Or area.

In use, the location detecting module 311 may log infor-
mation about the location of the user, optionally with asso-
ciation to a respective time stamp, which 1s optionally taken
from the RTC 308. For mstance, FI1G. 5 depicts an exemplary
dataset of logged personal hygiene events. Each personal
hygiene event 1s time and location tagged. Optionally, the
quality of the personal hygiene event 1s documented when
available.

Optionally, the system comprises a plurality of hygiene
markers 106 each designed to detect the presence one or more
of the personal hygiene monitors 103 in proximity thereto.
Optionally, each hygiene marker 106 1s associated with and
optionally placed 1n proximity to or 1n a certain area of inter-
est, such as a patient bed, an operating room, a tap, a food
processing device, and/or a dining room. Optionally, each
hygiene marker 106 includes an RFID reader for reading the
ID information which is stored in an RFID tag that 1s installed
in the personal hygiene monitors 103 which are located 1n the
proximity thereto. The data about the presence of the personal
hygiene monitors 103 1s forwarded to the hygiene analysis
unit 102 that uses it as locational information when 1dentify-
ing personal hygiene patterns. Optionally, each detected pres-
ence 1s time stamped.

According to some embodiments of the present invention,
the personal hygiene monitor 103 reacts to the detection of a
personal hygiene momitor. Optionally, the reaction 1s deter-
mined according to the hygiene level of the user. For example,
if the hygiene level 1s below a certain threshold, the personal
hygiene monitor 103, which optionally includes a presenta-
tion unit, such as a speaker, a display, and/or one pr more
lights, presents an alarm that 1s indicative of a low hygiene
level, for example sounds a “please wash your hand”
announcement, displays a red light blinking and the like. If
the hygiene level 1s above a certain threshold, the personal
hygiene monitor 103 presents a notification that 1s indicative
of a high hygiene level, for example sounds a “clean”
announcement, displays a green light and the like. In such an
embodiment, the personal hygiene monitor 103 may be
attached to a tap and indicate the user that she has to wash her
hands and/or attached to an entrance of an operation room and
indicate the user that she has to replace gloves.

Optionally, the personal hygiene monitor 103 notifies the
user when there 1s a change 1n her hygiene level that occurs as
an outcome of an action performed with a hygiene device that
1s associated therewith. For example, when a user with low
hygiene level washes her hands and the sensors of the per-
sonal hygiene monitor 103 triggers an increase in her low
hygiene level, the personal hygiene monitor 103 presents a
notification that rewards the user and/or notity her about the
status change.
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According to some embodiments of the present invention,
the personal hygiene monitor 103 includes a quantity sensor.
As described above, the personal hygiene monmitor 103 may be
attached to a detergent dispenser, such as a soap dispenser
and/or detergent dispenser. In such an embodiment, the per-
sonal hygiene monitor 103 may be used for veritying that the
amount of soap and/or detergent which are released 1n a
personal hygiene event, such as washing hands, 1s suificient
for increasing the hygiene level of the user. Optionally, the
quantity sensor includes a scale for measuring the weight of
the soap and/or the detergent 1n the dispenser. Optionally, the
quantity sensor includes an optical sensor, for example as
described above, for estimating a change 1n the amount of the
soap and/or the detergent. It should be noted that any sensor
which may be used for detecting an amount change may be
used as a quantity sensor.

In such a manner, a detection of a change 1n the weight
and/or 1n the amount of the soap and/or the detergent, which
1s indicative of a dispensing of a suificient amount of soap
and/or detergents, 1s considered as a personal hygiene event.
On the other hand, a change, which i1s indicative of an msui-
ficient amount of soap and/or detergents, 1s considered as a
failure to perform a personal hygiene event.

Optionally, the processor 302 1s connected to a memory
card reader that reads content stored in memory cards. The
memory cards are optionally solid-state electronic flash
memory data storage devices such as CompactFlash™ cards,
SmartMedia™ cards, Memory Stick™ cards, Secure Digi-
tal™ cards, miniSD™ cards, or MicroSD™ cards. In such an
embodiment, the memory unit may be based on the memory
card reader and the logging of the personal hygiene events
may be performed on a memory card.

Optionally, the processor 302 1s connected to a data inter-
face 305 for forwarding the data which 1s logged 1n the
memory unit. Optionally, the data interface 305 1s based on
wired connection, for example a universal serial bus (USB)
interface. Alternatively or additionally, the processor 302 1s
connected to a wireless data interface 309, such as an example
an infrared (IR) interface, a wireless fidelity (Wi-F1) inter-
face, a Bluetooth™ module, and the like.

The processor 302 1s connected to a power source 306,
optionally via a management integrated circuit (IC) that con-
tains battery charging and control circuitries for managing the
power source. Optionally, the power management IC 104 1s
connected to built-in battery housing with rechargeable bat-
teries that provides the needed power. Optionally, one or more
lithium polymer (L1-Po) rechargeable cells or batteries. The
USB connection 305 may be used for charging the cells or
batteries. Optionally, the batteries are charged by any external
and/or internal charging element that converts the user’s
motion to energy, such as a kinetic charger.

Optionally, the personal hygiene monitor 103 1ncludes a
local personal hygiene manager for generating alarms and/or
hygiene indications according to the logged personal hygiene
events. In such an embodiment, the manager may monitor the
logged data and matches 1t with one or more predefined
personal hygiene patterns, which are defined as described
below. For example, the personal hygiene monitor 103 may
be used for generating a personal hygiene indication in
response to the lack of personal hygiene events along a pre-
defined period or in response to the detection of a personal
hygiene pattern, such as the presence of the user 1n an area of
interest, such as an operating room, without the detection of a
personal hygiene event in a certain quality during a pre-
defined period.

Optionally, the personal hygiene monitor 103 includes an
exemplary man-machine interface (MMI) 307 that 1s option-
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ally connected to the local personal hygiene manager. The
MMI 307 optionally comprises a display, such as a liquid
crystal display (LCD) display, for presenting one or more user
indications, such as the aforementioned alarms and/or
hygiene indications of the manager. FIG. 3 displays an exem-
plary display 307 which 1s position 1n a wristwatch.

The MMI 307 may comprise an input device, such as a
keypad for allowing the user to enter data and/or to select
operation modes. Optionally, the MMI includes one or more
speakers for generating audible indications. Optionally, the
MMI includes one or more vibrating unit for generating tac-
tile indications. As further described below, the MMI 307
may display the hygiene level of one or more hygiene habits
of user. Optionally, the MMI 307 1s designed for displaying
indications and/or alarms according to the measurements of
the sensors, for example according to the outputs of the per-
sonal hygiene monitor 103.

Optionally, the personal hygiene indication 1s based on the
quality of the related measurements. For example, the MMI
307 may 1ncludes one or more light emitting diodes (LEDs)
which are designed to be activated according to the quality of
a hand washing event. A red LED 1s activated in response to
insuificient quality, for mstance a reading of low moisture, a
yellow LED 1s activated 1n response to suificient quality, for
instance a reading of average moisture level, and a green LED
1s activated in response to a good quality, for instance a
reading of high moisture level. In such an embodiment, the
personal hygiene monitor 103 provides the user with an
immediate 1ndication the quality of the personal hygiene
event.

Methods and Analysis

Reference 1s now also made to FIG. 4, which 1s a flowchart
400 of a method for analyzing a hygiene level of a user,
according to some embodiments of the present invention.
Though the method that 1s described in FIG. 3 depicts a
process of analyzing a hygiene level of a single user, it may be
implemented simultaneously by any number of personal
hygiene monitor 103, for example the personal hygiene moni-
tors 103 of the system which 1s depicted 1n FIG. 1. For clarity,
the system 100 may be used for analyzing any number of
users.

First, as shown at 401, the user 1s associated with a personal
hygiene monitor. In an exemplary embodiment of the present
invention, the personal hygiene monitor 103 1s mserted 1n a
bracelet or a watch, for example as shown at FIG. 3, which 1s
attached to the user. The ID tag of the personal hygiene
monitor 103 1s adjusted to represent the user and optionally to
match the ID that 1s associated with a respective user profile
that 1s managed by the hygiene analysis unit. Optionally, the
ID 1s stored 1n the memory unit 304 of the personal hygiene
monitor 103 and associated with the stored logged records.
Now, as shown at 402, the personal hygiene monitor 103 1s
used for detecting one or more personal hygiene events which
are related to the user. As described above, one or more
hygiene event sensors 303 may be used for detecting personal
hygiene events.

Now, as shown at 403, the personal hygiene monitor 103 1s
used for updating the respective user hygiene profile 107 of
the user. As described above, the system 100 may include one
or more communication terminals 103. Periodically and/or
randomly the user establishes a user profile update session
with the hygiene analysis unit 102 via one of the communi-
cation terminals 105. During the session, the personal
hygiene monitor 103 updates the respective user hygiene
profile 107 of the user. Optionally, each communication ter-
minal 105 has a data input interface, such as a wired con-
necter, for example a USB connector and/or a wireless con-
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nector, such as an IR reader, for communicating with the
personal hygiene monitor 103. An exemplary connection may
be established when the user connects the USB connector 305
to the USB interface of one of the communication terminals
105. In another embodiment of the present invention, the
connection 1s performed wirelessly and established whenever
the wireless interface of the communication terminal 105
detects the presences of the personal hygiene monitor 103 1n
proximity thereto. The connection allows the personal
hygiene monitor 103 to forward the logged personal hygiene
events to the hygiene analysis unit 102 that updates, accord-
ingly, the user profile that documents the hygiene habits of the
user.

Now, as shown at 404, the hygiene level of one or more
hygiene habits of user 1s estimated according to the user
hygiene profile. The estimation may be done periodically,
randomly and/or according to triggering events such as user
requests and established connections with personal hygiene
monitors 103. Optionally, as shown at 405, the estimated
hygiene level 1s outputted. Optionally, the estimated hygiene
level 1s forwarded the respective personal hygiene monitor
103, allowing the presentation thereot to the user, for example
by the MMI 307. The forwarding 1s optionally performed as
part of the user profile update session. In such an embodi-
ment, the user forwards the logged records to the hygiene
analysis unit 102 that provides, 1n response, optionally via the
communication terminal, the hygiene level of the respective
user. As further described below the estimated hygiene level
may berelative to the hygiene level of other users, for instance
as depicted i FIG. 3, or absolute.

Based on the logged personal hygiene events, the hygiene
analysis unit 102 may perform an analysis of the hygiene
habits of the user. The analysis may be a based on statistical
analysis of a history of recorded personal hygiene events.
Additionally or alternatively, the analysis may be a based on
a comparison, optionally statistical, of recorded personal
hygiene events of other users. In such an embodiment, the
hygiene level that 1s given to the user may depend on the
performances of other users and may be changed dynamically
accordingly.

Optionally, the hygiene analysis unit 102 takes into
account the time during which the personal hygiene events
have been recorded and/or the frequency of the personal
hygiene events. In such an embodiment, personal hygiene
events which have been logged or missing after the working
hours does not atfect the hygiene level of one or more hygiene
habits of user. Optionally, the hygiene analysis unit 102 1s
configured for generating a hygiene level that reflects the user
habits during the working hours and another hygiene level
that retlects the user habits after the working hours. In such a
manner, the user may recerve imdication of her hygiene level
in any part of her daily routine. Optionally, the hygiene level
that reflects the user hygiene habits after the working hours 1s
used as a reference value for evaluating her sterility level
when she starts working.

Optionally, the hygiene analysis unit 102 uses one or more
predefined personal hygiene patterns for scoring the hygiene
level of one or more hygiene habits of user. For example, a
predefined personal hygiene pattern may define a preferred
period between personal hygiene events, and a preferred
period between personal hygiene events of a certain kind.

In some embodiments of the present invention, each pre-
defined personal hygiene pattern defines a certain hygiene
habit, for example as a pattern of personal hygiene events
along a timeline or the occurrence of a personal hygiene
events before, during, and/or after a hygiene sensitive opera-
tion, such as treating a patient or preparing a food product. In
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such an embodiment, the aforementioned sensors may be
used for detecting and logging events which are indicative on
a hygiene sensitive action, such as entering an area of interest,
touching a person and/or a medical device, and the like. As
described above, the personal hygiene monitor 103 may com-
prise a location detecting module 311 for identifying the
location of the user. When the personal hygiene monitor 103
detects a personal hygiene event it associates it with the
identified location of the user. Optionally, the personal
hygiene monitor 103 records the location of the user periodi-
cally, constantly, and/or randomly. Such a log can be used to
determine whether, which, and to what extent a personal
hygiene event has occurred, or repetitively occurred, while
the user spends time 1n a certain area.

Optionally, the predefined personal hygiene pattern defines
associations between locations and personal hygiene events.
For example, the predefined personal hygiene pattern may
define that in a personal hygiene event, such as hand washing
action, occurs a predefined period before the entrance of the
user to a certain area of 1interest, such as an operating room. In
another example, the pattern defines that the presence of the
user 1n an area of 1nterest occurs 1n parallel to a predefined
number of personal hygiene events. As described above, the
system 100 may communicate with one or more hygiene
markers 106 which are designed for detecting the presence of
the personal hygiene monitor 103 1n a certain area of interest.
Optionally, the hygiene analysis unit 102 receives the loca-
tional data from the hygiene markers 106 and uses it for
detecting a match to a location based pattern. Optionally, the
hygiene level of one or more hygiene habits of user 1s deter-
mined according to a match between the information logged
in the personal hygiene monitor 103 and the predefined per-
sonal hygiene patterns. Identifying such a match indicates
that the user 1s following hygiene habits which are defined by
the matching predefined personal hygiene patterns and there-
fore increases the hygiene level of one or more hygiene habits
of user.

As described above and depicted 1n FIG. §, each personal
hygiene event may be logged with a quality tag that represents
the quality thereof. In such an embodiment, the contribution
ol each personal hygiene event or pattern may be weighted
according to a respective quality tag.

Optionally, the hygiene analysis unit 102 grades the
hygiene level of one or more hygiene habits of user on a scale,
such as spotless, very clean, clean, semi clean, not clean, and
contaminated apprehension.

In some embodiments of the present invention, as shown at
405, the hygiene analysis unit 102 forwards the hygiene level
back to the respective personal hygiene monitor 103, to a
central hygiene analysis unit, and/or to one or more client
terminals 111, such as the client terminal 111 of the user
and/or the client terminal 111 of her supervisor. Optionally,
the hygiene level 1s time tagged and logged 1n arepository 110
that 1s connected to the hygiene analysis unit 102, optionally
via the communication network 104.

In some embodiments of the present invention, the hygiene
analysis unit 102 1s designed to yield one or more hygiene
reports according to one or more user hygiene profiles 107
which are optionally stored in the repository 110. The
hygiene report may present the hygiene level of one or more
hygiene habits of user 1in relation to the hygiene level of other
users. For example, the report may show the percentile in
which the hygiene level of one or more hygiene habits of user
1s 1n relation to the hygiene level of other users. In such an
embodiment, the system 100 may be used to identily who are
the users with the worst and/or the best hygiene levels. As
described above, the hygiene analysis unit 102 may be
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accessed by remote client terminals 111, allowing remote
users, such as administrators and managers to 1ssue the afore-
mentioned reports and/or to search for current information
that 1s related to certain users. Optionally, the hygiene analy-
s1s unit 102 1s connected to a web server that hosts a desig-
nated website that allows access thereto.

Optionally, hygiene analysis umt 102 1s designed to gen-
crate alarms whenever the hygiene level of one or more users
1s below a predefined level. Such an alarm may be sent to their
personal hygiene monitors 103 and/or to one or more client
terminals 111, for example by an email. For example, 11 the
hygiene level of a certain user 1s below a predefined level the
hygiene analysis unit 102 forwards an alarm to the respective
personal hygiene monitor 103 that uses the MMI 307 for
presenting the alarm, for example as a tactile, visual, and/or
audible indication. In another example, the alarm 1s sent to a
client terminal 111 that 1s associated with the user, her super-
visor, and/or an administrator that supervises on the hygiene
habits of the plurality of users.

In some embodiments of the present mvention, the per-
sonal hygiene monitor 103 includes a hygiene analysis mod-
ule, such as the aforementioned manager. The hygiene analy-
s1s module 1s designed to locally analyze the logged records in
the memory unit and to output a hygiene level of one or more
hygiene habits of user accordingly. In such an embodiment,
the hygiene analysis module may generate an alarm when the
hygiene level 1s below a predefined range and forward the
alarm for presentation by the MMI. Optionally, the user uses
a client terminal 111 for accessing her user profile and/or for
generating a report.

Workers Management

In some embodiments of the present invention, the hygiene
analysis unit 102 1s designed to monitor the location of users,
such as care takers and workers, 1n a certain area of interest. In
such an embodiment, the logged personal hygiene events may
be considered as presence indications, allowing real time
monitoring pertaining to the geographic location of the user
in the area of interest and/or the presence of the user 1n the
area of interest. In such embodiments, the hygiene markers
106 may be configured to gather data about any personal
hygiene monitor 103 that 1s detected 1n there perimeter and
forward the gathered data to the hygiene analysis unit 102, for
example as described above. Additionally or alternately, pres-
ence markers (not shown) are added to the system 100, allow-
ing a full or a partial coverage of the area of interest. Option-
ally, the hygiene analysis umit 102 1s designed to 1ssue and/or
present a report specitying the geographic location of the
workers.

According to some embodiments of the present invention,
the hygiene analysis unit 102 parallelly gather data pertaining,
to location and/or presence of the users and pertaining to the
there hygiene level, for example as described above. In such
an embodiment, the hygiene level of a worker during the time
she spent in work may be monitored and optionally rated.
Optionally, the hygiene analysis unit 102 receives presence
data about punched in and/or punched out users from an
external presence system. The arrival and departure times are
used as anchors for the hygiene pattern calculations.

Optionally, the external presence system updates the
hygiene analysis unit 102 with the actual working schedule of
the users. In such an embodiment, a user profile may be
adjusted according to a working schedule.

Optionally, the analysis unit 102 1s connected to barriers,
such as automatic doors and turnstiles. In such an embodi-
ment, hygiene marker 106 may be associated with and/or
placed 1 proximity to a barrier. The hygiene marker 106
identifies personal hygiene monitors 103 which are placed 1n
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proximity to the barrier, for example 2 meters or less there-
from and forwards the detection data to the analysis unit 102.
The analysis umt 102 computes the hygiene levels and/or
hygiene related events of the user that 1s associated with the
personal hygiene monitors 103 and accordingly instructs the
opening and/or closing of the barriers. For example, the
detection of a personal hygiene monitor 103 that 1s associated
with a low hygiene level and/or missing hygiene related
events induces the closure of a barrier.

A Newborn Monitoring System

According to some embodiments of the present invention,
the system 100 1s used for monitoring newborns. Optionally,
cach newborn 1s tagged with a personal hygiene monitor 103
that 1s attached to one of her limbs, for example her hand.
Optionally, the personal hygiene monitor 103 1s also use as
the newborn 1dentification tag. In such an embodiment, the
personal hygiene monitor 103 may be used for monitoring the
newborn’s caretaking. For example, the personal hygiene
monitor 103 may be used for monitoring the feeding, wash-
ing, and changing of the newbom.

Additionally or alternatively, the personal hygiene monitor
103 15 used for monitoring the location of the newborns 1n a
certain area of interest. In such an embodiment, a system
operator, a caretaker, and/or a mother may verify the hygiene
level, feeding status and/or last changing event of a newborn
in real time. In such an embodiment, the sensors of the per-
sonal hygiene monitor 103 are used for detecting and logging
the hygiene level, feeding status and/or a changing event.

Additionally or alternatively, the personal hygiene moni-
tors 103, or similar monitors, comprise a location detecting
module, for example as depicted 1n 311, for identifying the
location of the newborn. When the personal hygiene monitor
103 detects a personal hygiene event, 1t associates the event
with the i1dentified location of the user. Optionally, the per-
sonal hygiene monitor 103 records and optionally transmuits
the location of the newborn periodically, constantly, and/or
randomly. Such a log can be used to determine whether,
which, and to what extent, a personal hygiene event has
occurred and where the newborn 1s located during his stay 1in
the area of 1nterest, which 1s optionally a matermity ward.

According to some embodiments of the present invention,
a personal hygiene monitor 103, or a similar personal moni-
tor, which are inserted 1n a bracelet or a watch, for example as
shown at FIG. 3, 1s paired with another personal hygiene
monitor 103, or similar personal monitor. Optionally, each
one of the personal monitors includes a tag indicating 1ts
pairing relation to other personal monitors which have similar
tags.

Such pairing allows matching patients are designated to
share a medical treatment, a feeding session, a hygiene ses-
s1on and the like. For example, while one personal monitor 1s
attached to a newborn, a pairing personal monitor 1s attached
to his mother. Such pairing may be used for assuring that a
newborn 1s released from a maternity ward only with her
mother. Optionally, the system 100 includes one or more
markers, such as the alorementioned hygiene markers 106,
which are designed to detect the presence and/or the location
of the personal monitors 103 i proximity thereto. The
hygiene markers 106 notify a central unit, such as the afore-
mentioned analysis unit 102, about the location of paired
personal monitors. In such a manner, the analysis unit 102
may monitor the geometric or Euclidean distance between the
paired personal monitors. Optionally, 1f the monitored dis-
tance exceeds a certain threshold, for example 50 meters, 20
meters, 10 meters, and or less, for example for a period of
more that 30 seconds, the analysis unit 102 presents an alarm.
Optionally, the personal monitors are designed to receive
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signals from the analysis unit 102, for example via one or
more markers, such as the aforementioned hygiene markers
106. In such a manner, the monitor may sound and/or display
an alarm 1f the monitored distance exceeds a certain thresh-
old. In such a manner, the personal monitors may be used for
preventing a scenario in which newborns mix-up occurs.
Optionally, the analysis unit 102 1s connected, optionally
wirelessly, with one or more controllers which are connected
to barriers, such as automatic doors and turnstiles in order to
ensure suilicient control on the location of newborns. In such
an embodiment the activation of one of the aforementioned
alarms may lock barriers, such as automatic doors and turn-
stiles which are located i proximity to the personal monitors.
Optionally, barriers are opened when a pair of matching per-
sonal monitors in detected, for example a personal monitor of
a mother and her newborn. Additionally or alternatively, the
barrier 1s locked if unmatched personal monitors are detected.
In such an embodiment, the barrier 1s opened only 11 a mother
tries to pass therethrough with her newborn and closed if the
mother tries to pass therethrough with another newborn.
Optionally, a personal monitor with a master tag that can be
matched with any other personal monitor 1s given to selected
caretakers, such as nurses and physicians.

System Management

In use, the system 100 may be used for analyzing a hygiene
level of a plurality of users. As described above, the hygiene
analysis umt 102 manages a plurality of user profiles 107 for
a plurality of users which are attached to personal hygiene
monitors 103. The communication terminals 1035 allow each
one of the personal hygiene monitors 103 to interface with the
hygiene analysis unit 102. In such a manner, the user profiles
107 may be updated with the data that 1s logged in the
memory units of the respective personal hygiene monitors
103.

Optionally, the system 100 1s used for scoring the hygiene
habits of a group of users. The hygiene level of each user 1s
optionally a relative rank that 1s determined according to
hygiene levels of other users. For example, the hygiene level
of each user may be converted to a rank based on one hundred
percent that 1s set as the sum of all the hygiene level values of
all the users. In such an embodiment, the system 100 may
manage a reward mechanism 1n which user are rewarded
according to there relative score. For example, users in the
highest percentile recerve an addition to their salary and users
in the lowest percentile are required to pay a penalty. In
another embodiment, the reward mechanism publishes a list
that ranks all the users according to their hygiene level. Such
an embodiment may motivate the user to maintain a high level
of hygiene habits 1n order to preserve and/or to improve her
rank. Optionally, the MMI 307 1s designed to present the user
hygiene level and/or rank 1n a manner that 1s noticeable for
other users and/or patients. For example, the MMI may
change the color of the display, set an indicator LED to show
a color that reflects the hygiene level and/or the rank and the
like.

It 1s expected that during the life of a patent maturing from
this application many relevant apparatuses, methods, and sys-
tems will be developed and the scope of the terms personal
hygiene event and personal hygiene sensor 1s intended to
include all such new technologies a priori.

As used herein the term “about” refers to £10%

The terms “‘comprises”, “comprising’, “includes”,
“including”, “having” and their conjugates mean “including
but not limited to™.

The term “consisting of”” means “including and limited to™.

T'he term “consisting essentially of” means that the com-
position, method or structure may include additional ingre-
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dients, steps and/or parts, but only 11 the additional ingredi-
ents, steps and/or parts do not materially alter the basic and
novel characteristics of the claimed composition, method or
structure.

As used herein, the singular form “a”, “an” and *“‘the”
include plural references unless the context clearly dictates
otherwise. For example, the term “a compound™ or “at least
one compound” may include a plurality of compounds,
including mixtures thereof.

Throughout this application, various embodiments of this
invention may be presented 1n a range format. It should be
understood that the description in range format 1s merely for
convenience and brevity and should not be construed as an
inflexible limitation on the scope of the invention. Accord-
ingly, the description of a range should be considered to have
specifically disclosed all the possible subranges as well as
individual numerical values within that range. For example,
description of a range such as from 1 to 6 should be consid-
ered to have specifically disclosed subranges such as from 1
to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3
to 6 etc., as well as individual numbers within that range, for
example, 1, 2, 3, 4, 5, and 6. This applies regardless of the
breadth of the range.

Whenever a numerical range 1s indicated herein, 1t 1s meant
to include any cited numeral (fractional or integral) within the
indicated range. The phrases “ranging/ranges between” a first
indicate number and a second indicate number and “ranging/
ranges from”™ a first indicate number “to” a second indicate
number are used herein interchangeably and are meant to
include the first and second 1ndicated numbers and all the
fractional and integral numerals therebetween.

It 1s appreciated that certain features of the invention,
which are, for clarity, described 1n the context of separate
embodiments, may also be provided in combination 1n a
single embodiment. Conversely, various features of the
invention, which are, for brevity, described 1n the context of a
single embodiment, may also be provided separately or in any
suitable subcombination or as suitable 1n any other described
embodiment of the invention. Certain features described 1n
the context of various embodiments are not to be considered
essential features of those embodiments, unless the embodi-
ment 1s moperative without those elements.

Although the mvention has been described 1in conjunction
with specific embodiments thereof, i1t 1s evident that many
alternatives, modifications and variations will be apparent to
those skilled in the art. Accordingly, 1t 1s intended to embrace
all such alternatives, modifications and variations that fall
within the spirit and broad scope of the appended claims.

All publications, patents and patent applications men-
tioned 1n this specification are herein incorporated 1n their
entirety by reference into the specification, to the same extent
as 11 each individual publication, patent or patent application
was specifically and individually indicated to be incorporated
herein by reference. In addition, citation or 1dentification of
any reference 1n this application shall not be construed as an
admission that such reference 1s available as prior art to the
present invention. To the extent that section headings are
used, they should not be construed as necessarily limiting.

What 1s claimed 1s:
1. A method for analyzing hygiene habits of a user, com-
prising:

attaching a wearable personal hygiene monitor sized and
shaped for being worn on a body organ of the user and
for holding motion detection sensor to the user;

using said motion detection of said attached wearable per-
sonal hygiene monitor for monitoring the motion of the
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wearable personal hygiene monitor and detecting a plu-
rality of personal hygiene events related to the user;
using said attached wearable personal hygiene monitor to
estimate the quality of at least one of a plurality of
personal hygiene events and calculate locally and
accordingly a hygiene level of one or more hygiene

habits of the user; and
using said attached personal hygiene monitor to present an
indication of said hygiene level on the body of the user;
wherein said motion detection sensor comprises at least
one of an accelerometer and a gyroscope.

2. The method of claim 1, further comprising presenting an
alarm on said attached wearable personal hygiene monitor
when said hygiene level being beyond a predefined level.

3. The method of claim 1, further comprising ranking the
hygienic level of said user 1in relation to a plurality of users
according to said hygiene level.

4. The method of claim 1, wherein said calculating 1s based
on a schedule of the user.

5. The method of claim 1, further comprising logging said
plurality of personal hygiene events and associating a time
stamp with each said personal hygiene event, further com-
prising identifying at least one personal hygiene pattern
according to respective said associated time stamps, said
calculating being performed according to said at least one
personal hygiene pattern.

6. The method of claim 1, wherein said using comprises
using said attached wearable personal hygiene monitor for
gathering locational data regarding the user, further compris-
ing identifying at least one personal hygiene pattern accord-
ing to a combination of said locational data and at least one of
said plurality of personal hygiene events, said calculating
being performed according to said at least one personal
hygiene pattern.

7. The method of claim 1, wherein said personal hygiene
event 1s a member of a group consisting of: using a disposable
tissue, washing hand action, taking shower action, replacing
medical safety accessory action, replacing a pair of gloves
action, and wearing a face mask action.

8. The method of claim 1, wherein said detecting comprises
detecting and logging the quality of said personal hygiene
event, said calculating being performed according to respec-
tive qualities.

9. The method of claim 8, wherein said quality 1s estimated
by measuring a member of a group consisting of: measuring
the duration of said respective personal hygiene event, mea-
suring the intensity of said respective personal hygiene event,
measuring a concentration of at least one disinfecting agent
involved 1n said personal hygiene event, measuring a pres-
ence of water during said personal hygiene event, measuring
a humidity level during said personal hygiene event, measur-
ing temperature during said personal hygiene event.

10. The method of claim 1, further comprising using said
attached wearable personal hygiene monitor for monitoring
presence of the user, said detecting comprising logging said
presence and said calculating comprises estimating a hygiene
level pattern based on a combination of said hygiene level and
said presence.

11. The method of claim 1, further comprising using said
attached wearable personal hygiene monitor for monitoring
presence of the user, said calculating 1s performed according
to said presence.

12. The method of claim 1, further comprising operating a
barrier according to said hygiene level.

13. A wearable apparatus for analyzing hygiene habits of a
user, comprising:
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at least one sensor configured for detecting a plurality of
personal hygiene events of the user;

a repository configured for storing said plurality of per-
sonal hygiene events; and

an analysis unit configured for estimating a hygiene level
of at least one hygiene habit of the user according to said

plurality of personal hygiene events;

a hygiene indicator configured for presenting said hygiene

level to the user; and

a wearable element si1zed and shaped for being worn on a

body organ of the user and for holding said at least one
sensor, said repository, and said analysis unit, and said
hygiene indicator 1n proximaity to the body of the user;
wherein said analysis unit 1s configured for estimating a
hygiene level of at least one hygiene habit of the user
according to said plurality of personal hygiene events;

wherein said at least one sensor comprises a motion detec-
tion sensor which monitors the motion of the wearable
apparatus to estimate the quality of at least one of said
plurality of personal hygiene events;

wherein said motion detection sensor comprises at least

one of an accelerometer and a gyroscope.

14. The wearable apparatus of claim 13, further comprising
a wearing detector for detecting a wearing event of the wear-
able apparatus, wherein each said personal hygiene event 1s
evaluated according to said wearing event.

15. The wearable apparatus of claim 13, wherein said at
least one sensor comprises a plurality of sensors, each being
configured for detecting a different of a plurality of physical
stimulations, said at least one sensor being configured for
detecting said plurality of personal hygiene events by com-
bining said plurality of physical stimulations.

16. The wearable apparatus of claim 13, wherein said at
least one sensor comprises a plurality of sensors, each being
configured for detecting a different of a plurality of physical
stimulations, said analysis unit being configured for estimat-
ing said hygiene level by combining said plurality of physical
stimulations.

17. The wearable apparatus of claim 13, further comprising
an interface configured for forwarding said plurality of per-
sonal hygiene events to a remote analysis unit; wherein said
remote analysis unit maintaining a user hygiene profile docu-
menting at least one hygiene habit related to the user, said
remote analysis unit being configured for updating said user
hygiene profile according to said plurality of personal
hygiene events and calculating said hygiene level according,
to said user hygiene profile.

18. The wearable apparatus of claim 13, wherein said at
least one sensor comprises an touch detector sensor config-
ured for detecting a proximity of to a medical device and a
processor configured for detecting a personal hygiene event
according to said detected proximity.

19. The wearable apparatus of claim 13, wherein said at
least one sensor comprises an touch detector sensor config-
ured for detecting a touch event during which the user touch-
ing at least one of a medical device and a patient, said analysis
unit configured for estimating said personal hygiene event
according to said touch event.

20. The wearable apparatus of claim 13, wherein said at
least one sensor 1s configured for detecting a hygiene protec-
tion event, said repository being configured for storing said
hygiene protection event, and said analysis unit being config-
ured for estimating said hygiene level according to said
hygiene protection event.

21. The wearable apparatus of claim 13, further comprising,
a location detecting module configured for detecting a loca-
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tion of the user and logging 1t 1n said repository, said analysis
unit being configured for estimating said hygiene level
according to said location.

22. The wearable apparatus of claim 21, wherein said loca-
tion 1s outside the boundaries of a building.

23. The wearable apparatus of claim 21, wherein said loca-
tion 1s a member of a group consisting of: a include an oper-
ating room, a patient bed, a medical device, a physiotherapy
room, a dining room, a kitchen, a production floor shop, food
manufacturing area and a food manufacturing device.

24. The wearable apparatus of claim 13, wherein said at
least one sensor comprises a proximity sensor that estimates
the distance between the wearable apparatus and at least one
of a tap or a disinfectant dispenser to detect at least one of said
plurality of personal hygiene events.

25. A wearable apparatus for analyzing hygiene habits of a
user, comprising:

at least one sensor configured for detecting a plurality of

personal hygiene events of the user;

a repository configured for storing said plurality of per-

sonal hygiene events; and

an analysis unit configured for estimating a hygiene level

of at least one hygiene habit of the user according to said
plurality of personal hygiene events;

a hygiene indicator configured for presenting said hygiene

level to the user; and

a wearable element si1zed and shaped for being worn on a

body organ of the user and for holding said at least one
sensor, said repository, and said analysis unit, and said
hygiene indicator in proximity to the body of the user;
wherein said analysis unit 1s configured for estimating a
hygiene level of at least one hygiene habit of the user
according to said plurality of personal hygiene events;

wherein said at least one sensor comprises a hygrometer for
detecting at least one of said plurality of personal
hygiene events by measuring humidity in a proximity to
the hands of the user.

26. A wearable apparatus for analyzing hygiene habits of a
user, comprising:

at least one sensor configured for detecting a plurality of

personal hygiene events of the user;

a repository configured for storing said plurality of per-

sonal hygiene events; and

an analysis unit configured for estimating a hygiene level

of at least one hygiene habit of the user according to said
plurality of personal hygiene events;

a hygiene indicator configured for presenting said hygiene

level to the user; and

a wearable element sized and shaped for being worn on a

body organ of the user and for holding said at least one
sensor, said repository, and said analysis unit, and said
hygiene indicator in proximity to the body of the user;
wherein said analysis unit 1s configured for estimating a
hygiene level of at least one hygiene habit of the user
according to said plurality of personal hygiene events;

wherein said at least one sensor comprises an alcohol sen-
sor for detecting at least one of said plurality of personal
hygiene events by measuring a concentration of alcohol
vapours 1n a proximity to the user.

277. A wearable apparatus for analyzing hygiene habits of a
user, comprising:

at least one sensor configured for detecting a plurality of

personal hygiene events of the user;

a repository configured for storing said plurality of per-

sonal hygiene and
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an analysis unit configured for estimating a hygiene level
of at least one hygiene habit of the user according to said
plurality of personal hygiene events;
a hygiene indicator configured for presenting said h
hygiene level to the user; and
a wearable element si1zed and shaped for being worn on a
body organ of the user and for holding said at least one
sensor, said repository, and said analysis unit, and said
hygiene indicator 1n proximaity to the body of the user;
wherein said analysis unit 1s configured for estimating a
hygiene level of at least one hygiene habit of the user
according to said plurality of personal hygiene events;
wherein said at least one sensor comprises an ultrasonic
Doppler sensor for detecting at least one of said plurality
of personal hygiene events by detecting running water
by means of measuring Doppler Effect in a proximity to
the user.
28. A wearable apparatus for analyzing hygiene habits of a
user, comprising:
at least one sensor configured for detecting a plurality of
personal hygiene events of the user;
a repository configured for storing said plurality of per-
sonal hygiene events; and
an analysis unit configured for estimating a hygiene level
of at least one hygiene habit of the user according to said
plurality of personal hygiene events;
a hygiene indicator configured for presenting said hygiene
level to the user; and
a wearable element si1zed and shaped for being worn on a
body organ of the user and for holding said at least one
sensor, said repository, and said analysis unit, and said
hygiene indicator 1n proximaity to the body of the user;
wherein said analysis unit 1s configured for estimating a
hygiene level of at least one hygiene habit of the user
according to said plurality of personal hygiene events;
wherein said at least one sensor comprises an optical sen-
sor for detecting at least one of said plurality of personal
hygiene events by measuring a transparency of cleaning
material 1n a proximity to the user.
29. A wearable apparatus for analyzing hygiene habits of a
user, comprising:
at least one sensor configured for detecting a plurality of
personal hygiene events of the user;
a repository configured for storing said plurality of per-
sonal hygiene events; and
an analysis unit configured for estimating a hygiene level
of at least one hygiene habit of the user according to said
plurality of personal hygiene events;
a hygiene indicator configured for presenting said hygiene
level to the user; and
a wearable element si1zed and shaped for being worn on a
body organ of the user and for holding said at least one
sensor, said repository, and said analysis unit, and said
hygiene indicator in proximity to the body of the user;
wherein said analysis unit 1s configured for estimating a
hygiene level of at least one hygiene habit of the user
according to said plurality of personal hygiene events;
wherein said at least one sensor comprises an acoustical
sensor for detecting the sound of personal hygiene
events by comparing between acoustical signals cap-
tured 1n a proximity to the user and a predefined audio
pattern.
30. A wearable apparatus for analyzing hygiene habits of a
user, comprising:
at least one sensor configured for detecting a plurality of
personal hygiene events of the user;
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a repository configured for storing said plurality of per-
sonal hygiene events; and

an analysis unit configured for estimating a hygiene level
of at least one hygiene habit of the user according to said
plurality of personal hygiene events;

a hygiene indicator configured for presenting said hygiene
level to the user; and

a wearable element si1zed and shaped for being worn on a
body organ of the user and for holding said at least one
sensor, said repository, and said analysis unit, and said
hygiene indicator proximity to the body of the user;

wherein said analysis unit 1s configured for estimating a
hygiene level of at least one hygiene habit of the user
according to said plurality of personal hygiene events;

wherein said at least one sensor comprises a motion detec-
tion sensor for detecting a personal hygiene event by
recording at least one gesture of said user and matching
between said at least one gesture and at least one move-
ment pattern of a personal hygiene event.

31. A system for analyzing hygiene habits of a plurality of

users, comprising:

a plurality of wearable personal hygiene monitors each
s1ized and shaped for being worn on a body organ of a
respective of the plurality of users and comprises a
motion detection sensor which monitors the motion of
the wearable apparatus to allow detecting and locally
logging a plurality of wearable personal hygiene events
related thereto and to estimate the quality of at least one
of said plurality of wearable personal hygiene events;
and

a hygiene analysis unit configured for managing a plurality
of user hygiene profiles each documenting at least one
hygiene habit of a respective of the plurality of users,
said hygiene analysis unit being configured for receiving,
the quality of at least one of said plurality of wearable
personal hygiene events from a respective of said plu-
rality of wearable personal hygiene monitors and updat-
ing a respective of said plurality of user hygiene profile
accordingly;

wherein said hygiene analysis unit 1s configured for calcu-
lating a hygiene level for each said user according to a
respective of said plurality of user hygiene profiles;

wherein said motion detection sensor comprises at least
one of an accelerometer and a gyroscope.

32. The system of claim 31, further comprising a plurality
of location detecting umt each configured for detecting the
presence of at least one of said plurality of wearable personal
hygiene monitors 1n proximity thereto, wherein said hygiene
analysis unit 1s configured for calculating said hygiene level
according to detected presence.

33. A wearable apparatus for analyzing hygiene habits of a
user, comprising:

at least one sensor configured for detecting a plurality of
personal hygiene events of the user;

a repository configured for storing said plurality of per-
sonal hygiene events; and

an analysis unit configured for estimating a hygiene level
of at least one hygiene habit of the user according to said
plurality of personal hygiene events;

a hygiene indicator configured for presenting said hygiene
level to the user; and

a wearable element sized and shaped for being worn on a
body organ of the user d for holding said at least one
sensor, said repository, and said analysis unit, and said
hygiene indicator 1n proximity to the body of the user;
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wherein said analysis unit 1s configured for estimating a
hygiene level of at least one hygiene habit of the user
according to said plurality of personal hygiene events;

wherein said at least one sensor comprises a electromag-
netic sensor that measures an alternating magnetic field s
of running water and determines a quality of at least one
of said plurality of personal hygiene events accordingly.
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